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Modeling of substance transport in the brain ISS . 
Introduction
In the past century, (Scalabrino, 2009; Morgan and Lichtman, 2013; Hopkins et al., 2014) . Despite [ 3 7 3 _ T D $ D I F F ] great advances in neurobiology, the overall understanding of most neurological and psychiatric conditions remains [ 3 7 4 _ T D $ D I F F ] limited, and the clinical drug treatment of brain disorders faces a dilemma of low efficiency (Fisher et al., 2009; Rogawski, 2009; Lam et al., 2011) (Fenstermacher and Kaye, 1988; Sykova and Nicholson, 2008) (Edwards and Meinertzhagen, 2010; Bechtel and Geschwind, 2013; Deco et al., 2013; Kastellakis et al., 2014; He et al., 2014) . (Morgan and Lichtman, 2013) . The brain ISS is an irregular, tortuous, and narrow space among neural cells and capillaries[ 3 9 5 _ T D $ D I F F ] ; the space between adjacent neural cells is also known as extracellular space (ECS) (Larsen, 2005) . The width of the ECS between cell bodies[ 4 5 _ T D $ D I F F ] ranges from 38 to 64 nm in rat brains (Thorne and Nicholson, 2006) (Nicholson et al., 2011) . ECM is produced and secreted by cells, and it surrounds and attaches to[ 4 0 0 _ T D $ D I F F ] the cell membrane (Michel et al., 2010; Nicholson et al., 2011; Barros et al., 2011; Coleman et al., 2014) (Edsbagge et al., 2004; Perez-Figares et al., 2001) .
The vascular system occupies 3% to 5% of the brain volume (Fenstermacher and Kaye, 1988) (Mabuchi et al., 2005) . The capillaries in brain tissue [ 4 2 2 _ T D $ D I F F ] characterize the structure of the blood-brain barrier (BBB) (Pan and Kastin, 2007; De et al., 2013) . resistivity (Petty and Lo, 2002; Pereira and Furlan, 2010) .[ 4 2 3 _ T D $ D I F F ] The BBB allows the passage of water, small hydrophobic molecules (O 2 , CO 2 , hormones), and lipid soluble molecules by passive or simple diffusion, as well as the selective transport of molecules such as glucose and amino acids by facilitated diffusion or active transport (Brasnjevic et al., 2009; Figley and Stroman, 2011) .
In (Bielas et al., 2004; Faissner et al., 2010; Florio and Huttner, 2014) . Even each neuronal excitation is accompanied with the alteration (Pelvig et al., 2008; Azevedo et al., 2009a Azevedo et al., , 2009b . (Rusakov and Kullmann, 1998; Nicholson, 2001; Sykova and Nicholson, 2008) , and the tortuosity is greater than 2 by using integrative optical imaging (IOI) technique (Nicholson, 2001) . . The boundary structure of[ 2 9 4 _ T D $ D I F F ] the ISS is made of the cell membrane and the wall of blood vessels (Nicholson et al., 2011) . The cell membrane (plasma membrane) has aphospholipid bilayer structure with a thickness of (Alberts et al., 2007; Gu and Barry, 2011; Arish et al., 2015; Nicolson, 2015; Bouter et al., 2015) . The cell membrane serves as the attachment surface for ECM and thus maintains ISS geometry (Malmstadt et al., 2006) . (Crocker et al., 2004; Michel et al., 2010; Lau et al., 2013 (Frischknecht et al., 2009) (Bandtlow and Zimmermann, 2000; Dityatev and Schachner, 2003; Anlar and Gunel-Ozcan, 2012; Hopkins et al., 2014) .
Extracellular matrix
[ 5 Kantor et al., 2004; Sugahara and Mikami, 2007; Purushothaman et al., 2012a Purushothaman et al., , 2012b Dick et al., 2013; Hopkins et al., 2014) . (Ogawa et al., 1995; Stranahan et al., 2013) (Ramchandran et al., 1999; Colorado et al., 2000) .
The components of PNNs are dynamically regulated in Gundelfinger et al., 2010; Pantazopoulos et al., 2010; Soleman et al., 2013; Mauney et al., 2013; Ye and Miao, 2013; Vargova and Sykova, 2014) [ 2 9 7 _ T D $ D I F F ] The brain ISF bathes and surrounds neural cells, and it provides the immediate medium for nutrients supply, waste removal and intercellular communication (Howell and Gottschall, 2012) . ISF include water, ions, gaseous molecules, and organic molecules, such as proteins, peptides, enzymes, dopamine, extracellular vesicles (EVs), and the floating chains of glycoproteins attached to the ECM. (Abbott, 2004; Magistretti, 2006; Rafalski and Brunet, 2011; Iliff et al., 2012; Brinker et al., 2014) .
[ 5 (Hobson and Friston, 2012) .
[ 5 EVs are released from glial cells and neurons during normal development, physiologic homeostasis, and response to pathogenic conditions (Agnati and Fuxe, 2014) . The release process is energy dependent, and involves exocytosis. EVs (Hochberg et al., 2014) .
[ 5 (Bradbury et al., 1981; Abbott, 2004; Carare et al., 2008; Lonser et al., 2015) . The (Goldman, 1913; Rall, 1968; Saunders et al., 2008; Johanson et al., 2011) . This ISF-CSF communication at the inner ventricle surface has been considered to explain the pathological changes (Laman and Weller, 2013) .
[ 6 (Dityatev and Schachner, 2003; Tao and Nicholson, 2004; Sen and Basser, 2005) is more than 5 [ 6 9 7 _ T D $ D I F F ] fold less than that of TMA + (74 molecular weight) (Nicholson, 2001) .
another important mechanism of substance transport in ISS Cserr and Patlak, 1992; Abbott, 2004; Han et al., 2012) [ 1 3 3 _ T D $ D I F F ] is suggested to be partially caused by[ 3 2 _ T D $ D I F F ] arterial pulsation , where[ 3 2 _ T D $ D I F F ] arterial pulsation refers to periodic dilation of arterial walls driven by the pulsatile blood flow. As reported in early works (Rosenberg et al., 1980; Ichimura et al., 1991; Yamada et al., 1991) (Mathias, 1983; Rusakov and Kullmann, 1998) . (Deen, 1987; Chen and Nicholson, 2000; Tao and Nicholson, 2004; Buxton et al., 2010) .
[ 7 (Johansson et al., 2015) . a (1), the diffusion tensor D can be written as (Nicholson, 2001) : (Horstmann and Meves, 1959; Villegas and Fernandez, 1966; Coventry et al., 1995; Chintala et al., 1996) . Therefore, the biophysical and biological properties of ISS-like small and dynamic 
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Ion-selected microelectrode techniques
The principle of ion-selected microelectrode (ISM) techniques is usually known as voltammetry, i.e., a branch of electrochemistry. In ISM techniques, the geometry of (Nicholson and Tao, 1993; Ujec et al., 1979) . (Stamford et al., 1985) , and catecholamine (Leszczyszyn et al., 1990; Wightman et al., 1991) . However, the distribution volume of these substances in RTP is not[ 8 0 5 _ T D $ D I F F ] as easily controlled as in RTI technique (Hrabetova and Nicholson, 2007; Rice et al., 2007) . Dextran is the most popular probe due to its high water solubility and good biocompatibility. The employed size of dextran molecules ranges from 3 kDa to 70 kDa (Nicholson and Tao, 1993; Xiao et al., 2008) (Nicholson, 2001; Tao and Nicholson, 1995; Hrabetova and Nicholson, 2007) . (Tao and Nicholson, 1996; Thorne and Frey, 2001; Thorne et al., 2008) . (Stejskal and Tanner, 1965; Le Bihan, 1995; Brooks and Pavese, 2011; Ewers et al., 2011; Grodd and Beckmann, 2014) . (Duong et al., 2001; Han et al., 2012; Cabral et al., 2014; Han et al., 2014) .
[ 8 (Han et al., 2012) .
[ 4 (Guerin et al., 2004; Gulati et al., 2012) .
[ 8 (Kanno et al., 2004) , liquid chromatography mass spectrometry (Larmene-Beld et al., 2014), nuclear magnetic resonance (Khandelwal et al., 2004) , radiotracer (Bernards et al., 2003) , liquid scintillation spectrometry (Hoistad et al., 2002) , gas chromatographic analysis (Winter et al., 2004) , and flame ionization (Lindberger et al., 2001 ).
ISS and brain disorders
In this section, we (Lehmenkuhler et al., 1991; Lehmenkuhler et al., 1993; Kohling and Lehmenkkhler, 1993; Schwindt et al., 1997; Chen et al., 2005) (Zoli and Agnati, 1996) . (Mahesparan et al., 2003) . In high-grade glioma, the overproduction of tenascin familial aggregation of ECM may be the cause of[ 3 2 _ T D $ D I F F ] increased l and restricted diffusion (Zamecnik, 2005) . Components of the ECM such as laminin, collagen IV, tenascin and hyaluronic acid have been shown to be preferred substrates for glioma spread and are ECM components in the pathways of known dissemination (Goldbrunner et al., 1998) .
Glioma EVs in brain ISF carry a variety of biomolecules such as oncogenic growth factors, receptors, enzymes, transcription factors,[ 9 0 9 _ T D $ D I F F ] and signaling and immunomodulatory molecules. These EVs can support malignancy of glioma, including tumor growth, expansion, invasion, and survival against host immune responses.
[ 9 (Li et al., 2013; Han et al., 2014) . Sykova et al., 1994; Vorisek and Sykova, 1997) . (Snow et al., 1990; Verbeek et al., 1999; Cotman et al., 2000; van Horssen et al., 2002; Miosge et al., 2003; van Horssen et al., 2006) . A significant reduction (Weller et al., 1998 (Weller et al., , 2009a (Weller et al., , 2009b . (Iliff et al., 2012; ArbelOrnath et al., 2013) . (Blennow et al., 2010) .
The ISF-CSF communication pathway in[ 2 7 1 _ T D $ D I F F ] the subarachnoid space has been applied to develop an alternative CNS drug delivery strategy, i.e., intranasal administration. Here drugs delivered intranasally are transported along olfactory sensory neurons to yield significant concentrations in the CSF and olfactory bulb (Misra et al., 2003) . (Marti et al., 2010) , multiple sclerosis (Simonova et al., 1996; van Horssen et al., 2007; Sykova and Nicholson, 2008; Miabi et al., 2010) , and epilepsy (Rogawski, 2009) Debinski and Tatter, 2009; Barua et al., 2013; Anderson et al., 2013; Barua et al., 2014) . Based on a retrospective clinical study, it [ 4 2 7 _ T D $ D I F F ] was reported that infusion parameters may improve the efficiency of drugs delivered by CED .
CED offers a number of advantages over conventional drug delivery methods, including bypass of (Sampson et al., 2009; Barua et al., 2012a Barua et al., , 2012b ; (3) the side effects of CED may be significant in practical applications due to[ 5 7 _ T D $ D I F F ] mechanical damage to brain tissue (Lidar et al., 2004; Slevin et al., 2006 (Sykova and Nicholson, 2008) . (Han et al., 2011; Han et al., 2014; Li et al., 2015) . SDD is based on the above findings of the brain ISS divisions and the properties of substance transport in each division. Before or during SDD, the tracer-based MRI technique 
